Abstract. We construct the Fock space representation of quantum affine algebras using combinatorics of Young walls. We also show that the crystal basis of the Fock space representation can be realized as the abstract crystal consisting of proper Young walls. We then generalize Lascoux-Leclerc-Thibon algorithm to obtain an effective algorithm for constructing the global bases of basic representations.
Introduction
Let U q (g) be a quantum affine algebra of type A (1) n , A (2) 2n−1 , D (1) n , A (2) 2n , D (2) n+1 and B (1) n , and let Λ be a dominant integral weight of level 1. In [4] , Kang introduced a new family of combinatorial objects called the Young walls. The Young walls consist of colored blocks with various shapes built on a given ground state wall Y Λ and can be viewed as generalizations of (colored) Young diagrams.
The rules and patterns for building Young walls and the action of Kashiwara operators are given explicitly in terms of combinatorics of Young walls. Then the set Y(Λ) of proper Young walls becomes an abstract crystal for the quantum affine algebra U q (g), and the subcrystal Y • (Λ) consisting of reduced proper Young walls is isomorphic to the crystal B(Λ) of the basic representation V (Λ).
In this paper, we construct the Fock space representation F (Λ) of U q (g) in a purely combinatorial way. More precisely, we take F (Λ) to be the Q(q)-vector space spanned by the proper Young walls, and define the U q (g)-module action on F (Λ) using combinatorics of Young walls. Then F (Λ) becomes an integrable U q (g)-module in the category O int . The Fock space F (Λ) can be regarded as the q-deformed wedge space arising from a level 1 perfect representation [9] .
We also show that the crystal of F (Λ) coincides with the abstract crystal Y(Λ) consisting of proper Young walls. Thus, we get an explicit decomposition of the Fock space F (Λ) into a direct sum of irreducible highest weight modules over U q (g) by locating the maximal vectors in the U q (g)-crystal Y(Λ).
Finally, we generalize Lascoux-Leclerc-Thibon algorithm [10] to obtain an effective algorithm for constructing the global basis G(Λ) of the basic representation We expect that there exist some interesting algebraic structures such that the irreducible modules at some specializations are parametrized by the reduced proper Young walls and that the decomposition matrices are determined by the polynomials giving the global basis elements.
Quantum affine algebras
Let I = { 0, 1, . . . , n } be an index set and let (A, P ∨ , P, Π ∨ , Π) be an affine Cartan datum:
(i) A = (a ij ) i,j∈I is a generalized Cartan matrix of affine type,
The elements of P + are called the dominant integral weights.
To each affine Cartan datum, we can associate an infinite-dimensional Lie algebra g called the affine Kac-Moody algebra. The canonical central element and the null root of g will be expressed as c = 
We denote by q h (h ∈ P ∨ ) the basis elements of the group algebra Q(q)[
We also use the notation e
The quantum affine algebra U q (g) is the associative algebra with 1 over Q(q) generated by e i , f i (i ∈ I) and q h (h ∈ P ∨ ) subject to the defining relations given, for example, in [6] . In this paper, we will focus on the quantum affine algebras of type A
2n , D (2) n+1 and B (1) n .
Crystal bases
Recall that the category O int consists of U q (g)-modules M satisfying the properties: By extracting the properties of crystal graphs, we can define the notion of abstract crystals [7, 8] . An affine crystal is a set B together with the maps wt :
satisfying the conditions given in [7, 8] . 
Then (L(λ), B(λ)) is a crystal basis of V (λ), and every crystal basis of
V (λ) is isomorphic to (L(λ), B(λ)). (b) Define a Q-algebra automorphism of U q (g) by e i = e i , f i = f i , q h = q −h and q = q −1 for i ∈ I and h ∈ P ∨ . Set A = Q[q, q −1 ] and let V (λ) A = U − A (g)u λ , where U − A (g) is the A-subalgebra of U q (g) generated by f (n) i (i ∈ I, n ∈ Z ≥0 ). Then there exists a unique A-basis G(λ) = { G(b) | b ∈ B(λ) } of V (λ) A such that G(b) ≡ b mod qL(λ) and G(b) = G(b) for all b ∈ B(λ).
The basis G(λ) is called the global basis or canonical basis of V (λ) associated with the crystal graph B(λ).

Combinatorics of Young walls
We briefly review the notion of Young walls and their combinatorics introduced by Kang [4] . The Young walls are built of colored blocks of three different shapes.
Type
Shape Width Thickness Height Volume
Given a dominant integral weight Λ of level 1, i.e. Λ(c) = 1, we fix a frame Y Λ called the ground state wall of weight Λ and on this frame, we build a wall of thickness less than or equal to one unit. The rules for building the walls are as follows:
(1) The colored blocks should be stacked in columns. No block can be placed on top of a column of half-unit thickness. (2) Except for the right-most column, there should be no free space to the right of any block. (3) The colored blocks should be stacked in a specified pattern which is determined by the type of the quantum affine algebra and Λ. The coloring of blocks, description of ground state walls and the patterns for building the walls are given in [4] . For example, if g = B (1) A column of a Young wall is called a full column if its height is a multiple of the unit length and its top is of unit thickness. (2) For quantum affine algebras of type A (2) 2n−1 , D (1) n , A (2) 2n , B (1) n and D (2) n+1 , a Young wall is said to be proper if none of the full columns have the same heights. 
Proposition 4.3 ([4]). The set Y(Λ) together with the maps wt,
n+1 . The part of a column with a i -many i-blocks for each i ∈ I in some cyclic order is called a δ-column. A δ-column in a proper Young wall is called removable if it can be removed to yield another proper Young wall. (1) n with N blocks [2] . We expect that there exist some interesting algebraic structures whose irreducible representations (at some specialization) are parametrized by reduced proper Young walls. In [1] , Brundan and Kleshchev verified our speculation by showing that the irreducible representations of the Heck-Clifford superalgebra H N (q) with q a primitive (2n + 1)th root of unity are parametrized by the set of reduced proper Young walls of type A (2) 2n with N blocks.
Fock space representation
Let F (Λ) = Y ∈Y(Λ) Q(q)Y be the Q(q)-vector space with a basis Y(Λ). The goal of this section is to define a U q (g)-module structure on F (Λ), the Fock space representation of U q (g). Moreover, we also show that the affine crystal Y(Λ) is exactly the crystal of F (Λ).
For this purpose, we need to define the action of e i , f i (i ∈ I) and q 
where b runs over all admissible i-slots in Y . , y l+2 , y l+1 ) , where l is the integer such that
where b runs over all admissible i-slots in Y . 
). Then we define
where b runs over all admissible and virtually admissible i-slots in Y . With these actions, we can verify that all the defining relations for the quantum affine algebra U q (g) are satisfied. The verification is quite lengthy and based on the case-by-case check argument (see [5] for the details). Hence we obtain:
It still remains to show that the affine crystal 
